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Abstract

Datadistribution is animportantstepin implementationof any parallelalgorithm.
The data distribution determines data traffic, utilization of the interconnection net-
work andaffectstheoverall codeefficiency. In recentyearsanumberdatadistribu-
tion methods have been developed and used in real programs for improving data
traffic. We use some of the methods for translating data dependence and affinity
relationsinto datadistributiondirectives.Wedescribeanautomaticdataalignment
andplacementtool (ADAPT) which implementsthesemethodsandshow it results
for some CFD codes (NPB and ARC3D). Algorithms for program analysis and
derivation of data distribution implemented in ADAPT are efficient three pass
algorithms. Most algorithms have linear complexity with the exception of some
graph algorithms having complexity O(n4) in the worst case.
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bde	p*y���µ*`^b¦e	b
bde	p � e	gTk
e	g+p�`^{sh_n
y�e	gi~ [zy�n
`rb'&§h_g�nG�+[o�-ª@ê¸e	gme	{�{�h_g+hHn�p§b|[^]�e	nGh�`rg��f[^nG��[r[^g � e	g�k�&§~Fe	g
�l[¥h_g+{�[^b
b|[zk��lp±e	vsvs]_pfh_g�cwnG�+[ºö5÷ú÷røúùføúû²ñ)(*��öFøHù�ý,+ � þ�e	]�`^gTcw[ze	~ �ôkzh_b
[r~�nG[lkÔvae	nG�
{�b=`ru-&¤n
` � �

���Ë
=�	�.�"��/1D«A+0��"0l

/_0���#%8'��//.�/1010 �s!�#�� #%��<t�"�i0�BC��!�<t0z�����	8'� #G!����32t!��"��Ai0��'0z;����425.i/1010 �32*����/H�Ë�	��<=��#
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?A@CB!DFEHG�IKJ ��e	n
e¡ªËb=e	gTy�{�[^bTê�bde	vs��`r{+h_g+nG[^b|gTe	].]�`l`^v»`^{
xf[r~�n
`rb
h_j�[lk�e	qsn
`lyC`^b|nGh_gTc£µfµfª�{�b `^uÚµfª��f[^g+~��+u}e	b|�@�

�$��þ � ÷ú÷^øHùløHû²ñML3��öFøúùONP+ � þK��³-`rg�y�h�kl[^b�n���`­y�n
e	nG[ruw[^g+n
y�h_g�e¡]�`z`rv

do i=1,n
  b(idxb1(i))=c(idxc(i))

!Aff(b,c)={(idxb1(i);idxc(i))}
  a(idxa(i))=b(idxb2(i))

!Aff(a,b)={(idxa(i);idxb2(i))}
end do

ª@�i[£~��Te	h_g�bYq�]H[£{|e	~�h_]_h_n
e	nG[ly�nG�+[¿[^¨Wv�b�[zyCy�h�`^g�`r{Te	{RQsg+h_nGp�b�[^]�e	n�h¬`rg�{|`^bTh_g�klh_b�[^~ nG]_p
kz[rvs[^gTkl[^g+n�e	b
bde	p*y �

 Aff(a,c)={(idxa(i);idxc(j)),
j = max{J: J<=i,idxb1(J))=idxb2(i)}}

ª@�i[�{|`^]_]�`^��hHgTc¦[^¨+e	uwvs]_[�{�q�b
nG�+[^b�h_]H]_q�y�nGb=e	nG[ly*�T`r�Æn|`�h_nG[^bde	nG[§e	{�{�h_g+h_nGp«b|[^]�e	�
nGh�`rg�y%�

do i=1,n
  c(idxc0(i))=d(idxd(i))

!Aff(c,d)={(idxc0(i);idxd(i))}
  b(idxb1(i))=c(idxc(i))
  a(idxa(i))=b(idxb2(i))
end do
  Aff(a,c)={(idxa(i);idxc(j)),
      j = max{J: J<=i,idxb1(J))=idxb2(i)}}
  Aff(a,d)={(idxa(i);idxd(k)),
      k=max{K: {K<=i, idxc0(K)=idxc(j),
     where j = max{J: J<=i,idxb1(J))=idxb2(i)}}

ª@�i[¥e	{�{�h_g+h_nGpw~��Te	h_g©b|qs]_[��+[^]_vay¡n|`¤~W`^uwvsq�nG[�nG�+[¤~ ]�`zy�qsb|[¥`^{¿e	{�{�h_g+h_nGpwb|[^]�e	�
nGh�`rg�yE`rg¥ea]�`l`^v��-ª@ê«����{te	vsvs]_h_[lk-n
`-e	gwe	b
bde	p�e�yCy�h�c�g+[zk-h_g§nG�+[�]�`l`^vs�rh_nf��h_]_]Ë[^¨W�

y

u x1 x2

x

do j = 1, m
  x1 = y(j,i11+k)
  x2 = y(j,i12+k)
  x(j,i21+k) = x1 + x2
  x(j,i22+k) = u*(x1 - x2)
end do



S

vsb|[zyCy�h_g½e	{�{�h_gih_nGpmb
[r]�e	nGh�`^gTy�`^{�e	g\e	b
bde	p©��h_nG��[ze	~��½e	b
bde	p©h_n�kz[^v�[^gTk�y�`^gT�z��g
c�[^g+[rb=e	]_��kzqs[-n
`¦n��i[

max
`^vs[rb=e	nGh�`rg¥h_gixt`r]_xf[lk�h_g¥nG�+[¦~ ��e	h_g¥b
q�]_[^�znG�+[�e	{�{�hHg+h_nGp

b
[r]�e	nGh�`^g«h�ysn
`z`¿~F`ruwvs]_[^¨�n
`¿�l[P[r¨Wvsb
[lyCy�[zk�[r¨Wvs]_h_~�h_nG]_pT#	�C��g«vsb=e	~�n�h_~�[^��nG�+[­e	{�{�hHg+h_nGp
b
[r]�e	nGh�`^gÖ`^{�nG[rgÃ~Fe	gä�l[�[^¨Wvsb|[zyCy�[zk»[r¨Wvs]_h_~�h_nG]_p\`rb¦~We	gÃ�l[»e	vsvsbd`^¨Wh_u}e	nG[lkm�fp\e
y�h_uwvs]_[�[r¨Wvs]_h_~�h_nsb
[r]�e	nGh�`^gT�=µ*`^b�[^¨+e	uwvs]_[r�Ëh_{�e	b
b=e	p�h_gTkzh_~�[lyÄe	b
[�]_h_gi[le	ba{�q�gi~ nGh�`^gTy
`r{+nG�+[o]¬`l`^v�h_gTkz[r¨W�FnG�+[^g�nG�+[¤e	{�{�h_g+h_nGp�b|[^]�e	nGh�`rg�~We	g��f[£b
[rvsb
[ly�[^g+nG[lk¤�lpwe¡]_h_g+[le	b
u}e	vsvsh_gTc¦�l[rnG��[^[rg»e	b
b=e	p�h_gTkzh_~�[lyC�=ª��+[�u}eVU�`^b
h_nGp�`r{�e	{�{�h_gih_nGp�b
[r]�e	nGh�`^gTyt��[�[^g+�
~F`rqsg+nG[rb
[zk¤{|e	]_]zh_gin
`£nG�+b
[r[¿~ ]�e�y�y�[lyC�

W ù�þ
ÿ|ûX��ÿ��Fù�þ@ö5÷H÷^øúùføúû²ñ¤ý%þ � öFû�ø��Fù��d��ª@�+h�y+nGpfvs[-`^{te	{�{�hHg+h_nGp­b
[^]�e	nGh�`rgTy+~Fe	g��f[�nGb=e	gTy��
]�e	nG[lk�h_g+n
`�nG�+[¦e	]_h�crg+uw[rginlvsb=`rxfh�klh_g�c�~F`ruwuwqsg+h_~Fe	nGh�`rg+��{�b
[r[�~F`ruwvsqsn
e	n�h¬`rgTyC�|��y
y��T`^��g�h_g¤µfh�crq�b
[ I �^[ze	~ �¤[r]H[ruw[^g+n@`^{löokz[^v�[^gTk�yT`^gºe¿y�h_g�c�]_[Ä[r]H[ruw[^g+n@`^{=��e	gTk
e­y¬h_gTc�]_[¦[^]_[ruw[^g+n¡`^{Y(��dª@�+[¦À   µ©e	]_h�c�g+uw[^g+n¡kzh_b
[r~�nGh_x�[�e�yCy�[^b|n
y�nG�Te	n@nG�+[zy�[¦[r]_[^�
uw[^g+n
y�e	b|[ºe	]_h�c�gi[lk��F��y�b|[zy�qs]_nG�igT`�~F`^uwuwq�g+h_~Fe	nGh�`^gTy�e	b
[�g+[^~�[lyCyCe	b
p}°²b
[lcle	bdkz�
]_[zyCy«`^{£nG�+[�klh¬y�nGb|h_�lqsn�h�`^gT·��+µ@`rb­nG�+[¥nGbde	g�y�]�e	nGh�`rg�n|`¥�l[¥va`lyCy�h_�l]_[�e	n¿u}`zy�n­`rg+[
y�qs�*y¬~ b
h_vsni~W`^[r{�{�hH~ h_[^g+ni~Fe	g��f[­kzh_{�{�[rb
[rgin+{Gbd`^u[Z�\ � �'� ��]_^ �

?A@CB`D'EaG5bKJ ªWbde	g�y�]�e	nGh�`rg�`^{T`rgi[r��n
`r�|`^g+[­e	{RQ�g+h_nGp¤bY[^]�e	nGh�`rg�y�h_g+n
`¤e	g�e	]Hh�c�g+uw[^g+n
vsb�`^x�h�kzh_gTco~F`ruwuwqsg+h_~Fe	nGh�`rg«{�bY[^[£~F`^uwv�qsn
e	nGh�`rg�yC�	��`rnG[¿nG�Te	ninG�+[¤e	]_h¬c�g+uw[^g+n

y¬n|e	nG[^uw[rgin+{|`^bF(�h�y�y�nGb�`rgTcr[rb�nG�+[rg�b�[z¢�qsh_b�[lk­�lp � ÷ú÷dc²ö�eR(�f��

g û²þ ù�(�ø � � ÷H÷^øHùløHû²ñhNaþ � öFû�ø��Wùi�K�
ª@�+[�u}`ly�nË~F`ruwu}`^g�~Fe�y�[¡��[�`^�@y�[rb
x�[¡h_g�`^qsbae	vs�
vs]_h_~Fe	nGh�`rgTy�h�y§`rgi[r��n
`r�G{�[r� e	{�{�h_g+h_nGp}b|[^]�e	nGh�`rg�y��l[^n���[^[rgôe	b
bde	p@y«°²{�[^� u¥[le	gTy§e
{�h_¨W[zk§g+q�uw�l[^b|�Ëh_g�kl[^vs[rgTkz[^g+na`rg�nG�i[«e	b
bde	p�y�h_j�[zyÄe	gTk§nG�+[�giq�uw�l[^bo`^{�]�`l`^v¥h_nG�

����&'�*�
�����"!����f4��12*�z#%���42§�"�	0��	�"���$0 /H�j;^���:D���8	��������k�!��	���"�	0��	0��*�����:DE�����C��8	DE�=���"!�<=!�DE����#%!����	0���0�/1/_0��
!�#F0�8ml=�	�62*!��"�*0��*������Da���	�	��8�0��	���'�	��/r0�/1/_0���!�#F(=n=3'����Da0 �����"���
2���
=�	�l#%���	�'01oi��8	�"���z)
p=&q.�(§<=!�/_�:���"!�BC�6rts"�54"u'$10=�����1v1w�0������ 2*#��'���=#%�z��������0���!����*<=� DaDE!���#F!��*0���!����
#%�x;r#%��/1!y0 �	��!�#G�C0���<�!����"������/r�Vox0 /1��#%#%!�����#���8	0���!����*<=�=DEDa!���#F!��*0���!����*#%�x;r#%��/1!y0 �"�

!HPF$ ALIGN A(i) WITH B(i+3)
!HPF$ ALIGN B(j) WITH C(5*(n-j)-4)
!HPF$ DISTRIBUTE C(BLOCK)
      do i=1,n
        b(n-i)=c(5*i-4)
        a(i-1)=b(i+2)
      end do
c     Aff(a,c)={(i-1;5*j-4), j=max{J:J<=i,n-J=i+2}}
c or  Aff(a,c)={(i-1;5*j-4), j=max{J:n-2<=2*i,J=n-i-2}}
c or  Aff(a,c)={(i-1;5*n-5*i-14), n-2<=2*i}



Ñ

[^bde	nGh�`^gTyC·��Cè@¨Wvs]_hH~ h_ntkzh_{�{�[rb
[rgi~ [�`rvs[^bde	n
`^bdys{|`^b�y�nGb
q�~�nGq�b
[zk�kzh�y�~�b|[^nGh_j�e	nGh�`rg�c�b
h�k�y��
{|`^bo[^¨+e	uwvs]_[^�Ec�h_x�[§b
h�y�[§n|`wy�qs~��»b
[r]�e	nGh�`^gTyC�Ëª��+[ly¬[«b
[r]¬e	n�h�`^gTyÄ~Fe	gm�f[we	vsvsbd`^¨Wh_�
u}e	nG[lk��fp»e�y¬nG[rg+~�h_]ae	g�k���[�~We	]H]snG�+[^u y�nG[^g+~�h_]sb
[r]�e	nGh�`^gTyC�rª¡`�`rvsnGh_uwh_j�[�e	]_h¬c�g+�
uw[^g+ni{|`^b�e�y¬n�[^g+~�h_]zb
[^]�e	nGh�`rg«��[¿gT`^n�[Pn���e	ni{|`^b��f]�`^~��¥kzh�y�nGb
h_�fqsnGh�`^g�nG�+[¿uw[zyCyCe�c�[
y�h_j�[¡vs[^bsvae	b|nGh_nGh�`^g�v�`^h_g+n.h¬y�nG�+[�y¬q�uë`r{skzh�y�n
e	g+~�[ly*`r{.nG�+[�e	]_h�c�giuw[rg+nËva`rh_g+nË{�bd`^u
nG�+[�`^nG�+[rbEy�nG[^g+~ h_]�va`^h_g+n
y��Wy�[^[¡µfh�crq�b
[ J �Yª�`¡uwh_g+h_uwh_j�[�nG�+[¡uw[zyCyCe�c�[oy�h_j�[¡��[�q�y�[
�dø��
þ�(�ûX�Fýz�acúva`rh_g+n
y*y�vs]_h_nGnGh_gTc�y�nG[rg+~�h_]�va`rh_gin|yfh_g+n
`¡nG��`�y�[rn
y*`r{.[z¢�qae	]fy�h_j�[l·.e�yte	]_h¬c�g+�
uw[^g+nÄva`rhHg+n
yC� ¼ `^�*{|`^b�y�nG[rg+~�h_]¿e	{�{�h_g+h_nGp»b
[r]�e	nGh�`^gTy��*��[mc�[^g+[^bde	nG[me	]_h�crg+uw[rgin¦e�y
�lh�y�[r~�n
`rb=yt`r{znG�+[�e	{�{�hHg+h_nGp¦va`rh_g+n
y�h_g­nG�+[�e	]_h�crg+[r[z�
��~�pf~�]_h_~¿kzh�y�nGb
h_�fqsnGh�`^g¤{|`^b�y�nG[^g+�
~�h_]@e	{�{�h_g+h_nGp§b
[^]�e	n�h¬`rgTy@��`^q�]�k¤~�b|[ze	nG[�e	g�`rb=kl[^b¿`^{�u}e�c�g+h_nGqakz[ou}`^b|[£~F`ruwuwqsg+h_�
~Fe	nGh�`rgTy�nG�Te	g«�f]�`^~��¥kzh�y�nGb|h_�lqsn�h¬`rg�e	gTk­h�y�gT`^ni~W`^gTy�h�kz[rb
[zkºe�y�e¡x*e	]_h�kº`^vsnGh�`rgT�

?A@CB!DFEHG!{KJ ª@�+[�u¥[lyCyCe�cr[-y�h_j�[�vs[^b*vae	b|nGh_nGh�`^g�va`rh_g+nlh�yTy�qsu×`^{*klh�y�n
e	g+~�[zyE`^{fnG�+[
e	]_h�c�g+uw[^g+niva`rh_gin+{Gb `^uÚnG�+[¤`^nG�+[rb�y�nG[^g+~ hH]zv�`^h_g+n
yC�

��ý,+�þ}|�þ,��þ ù�|�þ=ù6(�þK�Ë��{anG�+[rb
[§h�y�e�kzh_b
[r~�nG[lk¥v�e	nG�mh_gm�-ª@êÆ���+hH~ �¾y�n
e	b
n|y�e	gTk
[^gTk@yÄh_g»n��i[�yCe	uw[«gT`lkz[^�snG�+[^gÔnG�+[^b|[«h�y¦e�kz[^v�[^gTkz[rg+~�[«~Fe	b|b
h_[zk��fp�nG�+[«]�`z`rva�
ª@�ih�y¡vae	nG��e	]_]�`r��y�q�y¡n
`¤h_nG[rb=e	nG[�nG�+[¤~��Te	h_g©b
q�]H[l�F��y�e�b
[ly�qs]_nG�i[le	~���e	b
b=e	pw[r]_[^�
uw[^g+nTkz[rvs[^gTk@y�`rg�uwq�]_nGh_vs]_[£[^]_[ruw[^g+n
y¡`^{�nG�+[¤yCe	uw[¤e	b|b=e	p*��ª��+[^b|[¤e	b
[onG��`£h_uw�
va`rb
n
e	g+n�~Fe�y�[zy%�CnG�+[-kl[^vs[rgTkz[^g+~ [Ph¬yaæ	nGb
q�[zç����+[^g§vsb|[^x�h�`rqay�]_p­~F`ruwvsqsnG[lk�e	b
b=e	p
[^]_[ruw[^g+n
y¿e	b
[�qay�[zk©e	gTkmæ�e	ginGh�ç£���+[^g}e£qay�[lk©e	b
bde	p�[r]_[^uw[rgin*h�y¿`^x�[rb
��b
h_n�nG[^g+�
Í �	I Ï��
ª��+[�e	g+nGh�kz[rvs[^gTkl[^g+~�[¡~We	g��f[¡b
[ru}`^x�[lk�{�b=`^u¸nG�+[¡]�`l`^v��fp�u}e	�fh_gTc�e	g­[^¨W�
nGbdeP~F`^v�p©`^{@nG�+[�e	b
bde	p*�d��{@nG�+[¦nGb|qs[�kz[^v�[^gTkz[rgi~ [��Te�y�e¿~F`^gTy�n
e	g+n�y�nG[rv�|¤nG�i[rgÔe
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~�pf~�]_h_~mkzh�y�nGb|h_�lqsnGh�`rg¹`^g+n
`�|mvsbd`^~�[lyCyC`^b=y¦��`rqs]�k}~�b|[ze	nG[w~W`^uwuwqsg+h_~We	nGh�`^g�{�b
[r[
~F`ruwvsqsn
e	nGh�`rgTyC�

�+L
	PR�R����äâ
�ËO�
�Þ+OYÞ��©ã
X
Ý�NPßÖâ+NPO¡Þ+N�S�
äX,�WO
Q Xz�-UPOYX
RTN
��{�e	b|b=e	p*ytb
[r{�[^b|[^g+~�[lk«hHgÔe�]�`l`^v¥g+[ly�ns�Te	x�[�u}`^b|[�n���e	gÔ`^g+[«kzh_uw[rgTy¬h�`rg»° J

e	gTk�Î-klhHuw[rgTy�h�`^gTe	]�e	b
bde	p@yte	b|[¡u}`ly�n.~F`ruwu}`^g­{|`^b�y�nGb
q�~�nGqsb|[zk«crb|h�k�³�µf��·^nG�+[^g
��[�uwq�y¬ns~F`rgTy�h�kz[^b£e	]_]�]�`z`rvay�y�q�b
b=`rqsgTkzh_gTc¦~F`^uwvsq�n
e	nGh�`^gTyt��h_nG��nG�+[§e	b|b=e	p*y*n|`
`r�ln
e	h_g�~F`^uwv�]H[rnG[-k�e	n
e¿e	{�{�h_gih_n�p@����g¤³�µf�Âe	vsvs]_h_~Fe	nGh�`rgTy��d]�`l`^v«h_gTkl[^¨o�@`rqsgTk�yTe	b|[
qay�q�e	]_]Hp�]_h_g+[le	b+{�q�gi~ nGh�`^gTy@`r{ËnG�+[oy�qsb
bd`^q�g�klh_gTc¡]¬`l`^v¤h_gTkzh_~�[ly����+[^g+~�[�nG�+[�g+[zy�nWh_g+�
kz[r¨�k�`ru}e	hHg�~We	g«�f[­kl[zy�~�b|h_�l[zkºe�y�e�y¬[rn�`r{+hHg+nG[lc�[^b�v�`^h_g+n
y�h_g�e¡va`^]_pf�+[zklb=`^g=#	�

�$��þF(*��öFøúù�ý,+ � þT{|`^b�]�`l`^v�gi[ly�n
y�h�y�y¬h_uwh_]�e	bTn
`­`rg+[¿{|`rb�]�`z`rvay%�

      do 10 I from PI
        b(idxb1(I))=c(idxc(I))
        a(idxa(I))=b(idxb2(I))
10    continue
  Aff(a,c)={(idxa(I);idxc(J)),
              J=max{j: j<=I,idxb1(j)=idxb2(I)}}(*)

���+[^bY[¿nG�+[
max

`^vs[rb=e	nGh�`rg�e	g�k¤h_gi[l¢�qae	]_h_nGp����4 ¢¡$£¥¤�e	b�[¿v�[^b
{|`rb
uw[lk­h_g�nG�+[¿]_[r¨Wh_�
~F`lc�b=e	vs�+h_~Fe	]i`^b�kl[^b�h_uwva`ly�[zk��fp¦nG�+[�g+[ly¬nzh_gTkzh_~�[lyC�|µ@`rb�y�n
e	nG[^uw[rg+n
yi��hHn���klhH{%{�[rb
�
[^g+nig+[ly�nGh_gTc£nG�+[£~��Te	h_g�bYqs]_[£h�y�y¬h_uwh_]�e	b/�

      do 10 I from PI
        do 20 J from PJ
          b(idxb1(I,J))=c(idxc(I,J))
20      continue
        do 30 K from PK
          a(idxa(I,K))=b(idxb2(I,K))

���6¦��$2*!����|� #G�.Da� ���'!�<=!�Da���	#%!����	0��|!��	<=!�����#%$:8'� �����"!�����#�0��	<�<=��DE0�!��	#�!��@�'�	!�#�#%�����'!����	��&'�%2*!����|Da01k��0 /1��#%���	�'0��"!�����DE��/1�Ë����Da0 0�����0��	<*�"���Ë0��	0��������§;r���t2*�����s����� 0 #r0��	<*�	��#G�"#rDE��/_�Ë�"/10��	#z0 0�/_�����"�¬;���/=�Co
0�DE30 ����$�!��	#%�"�:0�<���8
      do i=1,nx
        do j=1,ny(i)
          do k=1,nz(i,j)
            a(idxa1(i,j,k),idxa2(i,j,k),idxa3(i,j,k))=
                   b(idxb1(i,j,k),idxb2(i,j,k),idxb3(i,j,k))
          end do
        end do
      end do

2*�62*!����42*/_!��"�
      do 10 I from PI
        a(idxa(I))=b(idxb(I))
10    continue



��¨

30      continue
10    continue

   Aff(a,c)={(idxa(I,K);idxc(L,J)),
(L,J)=max{(l,j):l<=I,idxb1(l,j)=idxb2(I,K)}}

è�¨+e	uwvs]_[l�d�$��þ©��ýz�A� � þ�ª«�5÷'(���þK(*¬FøHùi­¤ûX��öWû�öFù¿þ � þKª�þ=ùlû��%÷�öFý
ýGö�ñ¤ø��*ö5÷H÷^øúù�þ®�¿øúûX�£öFù
þ � þKª�þ=ùlû$�%÷¡öWùi�WûX��þ ýsöFý
ýGö�ñ�ø��H¯�°�ÿ¥(*�AªF� � þ û²þd�=Z\[«y���`r�ÅnG�Te	nsnG�+[M&$�"� � þ
öFù!±£ù�ö"���
öA(*¬
°�ýz�A� � þKª¾h�y¡e�y�vs[r~�h�e	]l~We�y�[�`^{�~We	]_~�qs]�e	nGh_gTc§e	{�{�h_g+h_nGp§{|`rbPe	gme	b
b=e	p«[^]_[^uw[rg+n+h_g�nG�+[
e	�@`rx�[�y��T`^��g�b|[^]�e	nGh�`rgm°�²Y·�� é@[^n�g+[ly¬ns]¬`l`^v¥�@`^q�gTk�y�e	b
[ ¨ e	gTk � �Wuw[le	gih_gTc�nG�Te	n
°¢£@h�yÄe��*`z`r]_[ze	g�~�q��l[z�=é@[^nT£¥¡¢c�³8eR�t�t� eR³8f@���+h_~���uw[ze	gTytnG�Te	nsnG�+[�h_g+[z¢�q�e	]_hHn�p´���  3¡$£¥¤
h�y�nGb
q�[¿{|`rb�e	]_]/��{�b=`ruµ°¢£��	��g�nG�+h¬y�~We�y�[¿h_{�øy|�ï¶�K³�c��*fsh�yae	g�e	b|�lh_nGbde	b
p�]_h_g+[ze	b�{|`rb
u `^{
�@nG�+[^g�~We	]_~�qs]�e	nGh_gTc�nG�+[oxte	]_qs[�`r{
·sh_g©°�²
·Ëh�y�e�y�vs[^~ h�e	]l~Fe�y�[�`r{�nG�+[¸&$�"� � þ
öFù¹±£ù�ö"��ÿ
�
öA(*¬�°�ýz�A� � þKªº�@��g½vsb=e	~�n�hH~ [^���T`r��[^x�[^b|��nG�+[�g+qsuw�f[^b�`^{«e	b
bde	pÕkzh_uw[^gTy�h�`^gTy�h�y
{�h_¨W[zk�°²hHn¡k�`^[ly�gT`^n�[r¨W~�[^[lk S {|`rb�³�µf�¹~F`lkz[zyC·@e	gTk«h_gTkz[r¨¤{�qsg+~�nGh�`rgTy�e	b
[�]_h_g+[le	b
{�qsg+~�n�h¬`rgTyC����g�nG�+h�yi~We�y�[ÄnG�+[¦e	{�{�h_g+h_nGp�b
[^]�e	n�h¬`rg�~Fe	g��l[Ä~We	]_~�qs]�e	nG[lk¦h_g�va`^]_pfgT`^uwh�e	]
nGh_uw[¿�fp�é�[^gTy�nGbde�»úy�e	]�cl`rb
h_nG�+uw��y�[r[­Í I�I Ï��

ª@�i[�~��Te	h_g�b|qs]_[§e	]_]�`^��ytnG�+[o~W`^gTy�nGb
q�~�nGh�`rgm`^{�e	gme	{�{�h_gih_n�p«b
[^]�e	n�h¬`rg�{|`rbE[le	~��
kzh_b|[^~�n�[zk�vae	nG��~W`^uwh_gTc¤n
`�ö¦{�b=`ru¼�­e	g�k�vae�yCy�h_gTcº`rgi]_p¥nG�+b=`^q�c���vsb|hHxte	nGh_j�e	�f]_[
e	b
bde	p*y��fª@�+[�q�gih�`rgÁ`^{�nG�+[ly�[�b
[r]�e	nGh�`^gTy¤`rx�[^b�e	]H]£klh_b
[^~ nG[zk»vae	nG�Ty£n
`�ö�{�b=`^u �
pfh_[^]�k�ytnG�+[o{�h_gTe	]*e	{�{�h_g+h_nGp«b|[^]�e	nGh�`rg��l[rnG��[^[rg�ö­e	g�k��^� ª@�i[�b|[^]�e	nGh�`rg�]_h�y�n
y�e	]_]f[r]_[^�
uw[^g+n
y�`^{3�@q�y�[zk�{|`^b�~F`ruwvsqsn
e	nGh�`rg�`^{lnG�+[�[^]_[^uw[rg+ns`r{.ö¿e	gTk�~Fe	g­�f[�~F`^gTy�h�kz[rb
[lk
e�y�`^g+[r��n
`^��u}e	g+p�u}e	vsvsh_gTcl�

��g§u}`ly¬n�vsb=e	~�nGh_~We	]W~We�y�[zy��rnG�+h�y+h�yEe£`rgi[r��n
`^��{�[r�Úy�nG[^g+~�h_]Ëb
[r]�e	nGh�`^g+�lea�lh�y�[r~�n
`rb%#
`r{ËnG�+[oy�nG[rgi~ h_]lc�h_x�[zy@e	g�`^v�nGh_u}e	]le	]_h�c�giuw[rg+n
���±e	g+p�³�µf�Öy�nG[rg+~�h_]�yl�Te	x�[oe*~ [^g+nG[rb
`r{�y�pfuwuw[^n�b
p����+h_~���~Fe	g��l[£qay�[zkºe�y�nG�+[­e	]_h�c�giuw[rg+niva`^h_g+nG��y�[r[¿µfh�c�qsb
[£Î��

���¶½ !�#%�����"��/r��8	0¶l �	!��"�l#%���	!��*�	3'<=!�Da���	#%!����	0���#R0 0����l!�#�0¶0 ��!����	#%� ���*�"��0��C��0����*������/H< !��	0��"�l�	� 0=��/¾0 ��0����
0 0�#%#%!��	���"�	/H���=���*!��V;^!�#%�����"#F�"�	�l#%���'��6�3t0 ��!��	�8pK¿-#%�"������!���#%�	�42*#F�"��0��	�	���	��BC��/1�s#%���	��0�#�0�;r!�#%�����"��/"�
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?A@CB!DFEHG�ÀKJ å�vsnGh_uwh_j�h_gTc@~F`ruwuwqsg+h_~Fe	nGh�`rg�yr�fp¡~��T`z`ly�h_g�c¡y�nG[rg+~�h_]
�lh�y�[^~ n
`^bPe�y�nG�i[¤e	]_h�c�giuw[rg+niva`^h_g+n
�

� � ø�­�ù�ª�þ=ùfû}�¿øúûX� g ñ��=û²þ�ª'���5÷ÂÁ*øúù�þYöWý'Ã6�Wýxª'����è�e	~��Õe	b
b=e	p}b|[^{�[rb
[^g+~ [ºh_g¾nG�+[
]�`z`rvÔg+[zy�n¿kz[r{�h_g+[zy�e¦u}e	vsvsh_gTcw`r{En��i[§g+[zy�n¿k�`ru}e	h_g©h_g+n
`we	b
b=e	p�h_gTkz[^¨my�vae	~�[l�
À�[^b|[¿��[£~F`rg�y�h�kl[^b�]_h_g+[le	b�u}e	vsvsh_gTcfy%�

���+[^bY[�|�e	gTk'£�e	b�[£e	b
b=e	p�e	gTk¿nG�+[agi[ly�nFh_gTkzh_~�[lyzb�[zy�vs[r~�nGh_x�[^]_p � � h�y�e@u}e	nGb
h_¨Ä��h_nG�
~F`rgTy�n
e	gin+[^]_[^uw[rg+n
y�e	gTk��Th�y�e¡x�[r~�n
`^bT��h_nG��~F`rg�y�n
e	g+ni[r]_[^uw[rg+n
yC�

µ*`^b�]_h_g+[ze	b�h_gTkz[^¨£{�qsg+~�nGh�`rg�y��dnG�+[�e	{�{�h_g+h_nGp¦b
[r]�e	nGh�`^g¤~Fe	g­�l[�[r¨Wvsb
[ly�y�[lk�hHg¤nG�+[
{|`^b|u«�

         Aff(x1,x2)={(A1*I+b1;A2*I+b2), I from PI}
Z\[¿�©e	gin+n
`¿nGbde	gTy¬]�e	nG[£nG�+h�y�b
[r]¬e	n�h�`^g�h_g+n
`­e	]_h�c�g+uw[^g+n�kzh_bY[^~�nGh_x�[ly�`^{+nG�+[¿{|`rb
u

!HPF$ ALIGN Y1(i1,...,in) WITH
     .      Y2(m1*j1+c1,...,mn*jn+cn)
���+[^b|[¹ª¹ÄVeR�t�t� eRªOÅÄe	b|[�h_g+nG[zc�[rb�uwqs]_nGh_vs]_h_[rb=y��Æ(1ÄVeR�t�t� eR(1ÅÄe	b
[Äh_g+nG[zc�[^b¡y��ih_{�n
y��Æc�øtÄVeR�t�t� e%øÇÅ4f�ÿ¥È
c��1ÄVeR�t�t� e �xÅ4fih�yae£klh_uw[^gTy�h�`^g«vs[^b|uwqsn
e	nGh�`rgi�lõ:Ä¡e	g�k�õ:É¡e	b
[�ïÊÄVe�ïÊÉ�`rbÄe	qs¨Wh_]_h�e	b
p¤nG[^uw�
vs]�e	nG[lyC�

��g�e¡~F`ruwu}`^g�~Fe�y�[r�����+[rg�`rg+[¿u}e	nGb|h_¨«°�yCe	p � ³F·Wh�y�gT`^gTy�h_gTcrq�]�e	b
��nG�+[¿b|[^]�e	�
nGh�`rg«u}e	p��l[£��b
h_nGn�[^g�[^¨Wvs]_h_~ hHn�]Hp©�

!HPF$ ALIGN C(i,*,*) WITH A(i-1,*,*)
!HPF$ DISTRIBUTE(BLOCK,*,*)  :: A
      do k=2,nz
        do j=1,ny
          do i=1,nx
            A(i-1,j,k)=0.2*(C(i,j,k)+C(i,j-1,k)+
     >           C(i,j+1,k)+C(i,j,k-1)+C(i,j,k+1))
          end do
        end do
       end do
C Aff(A,C)={(i-1,j,k;i,j,k)
C         &(i-1,j,k;i,j-1,k)&(i-1,j,k;i,j+1,k)
C         &(i-1,j,k;i,j,k-1)&(i-1,j,k;i,j,k+1)}
C Stencil Affinity (1,0,0), (1,-1,0), (1,1,0),
C                          (1,0,-1), (1,0,1)
C with bisector (1,0,0)

d AI b+=



�	I

Aff(x1,x2)={(d1;A2A1
-1d1-A2A1

-1b1+b2),d1from A1PI+b1}(1)
��{fnG�+[�u}e	nGb
h_¨ � É � Ä¥Ë Ä ~Fe	g��l[�nGb=e	gTy�{|`^b|uw[zk-n
`¦e	g�h_g+nG[zc�[^b�kzh�e�cf`^gTe	]Wu}e	nGb
h_¨

di-

ag
c�ªOÄVeR�t�t� eRª¹Å4f��lp¥e¡vs[rb
uwqsn|e	nGh�`^g�`^{+n��i[£~F`r]_qsuwgTy���nG�+[^g«ÿ � É � Ä¥Ë Ä �8Ä8Ì3�8ÉY¡

c�(1ÄVeR�t�t� eR(1Å4fih�yEe	g§h_g+nG[zc�[^btx�[^~ n
`^bÄe	gTk-nG�+[Pb�[^]�e	nGh�`rg§~Fe	g§�l[PnGb=e	gTy�]�e	nG[lk-n
`�e	gwe	]_h¬c�g+�
uw[^g+n�klh_b�[^~ nGh_xf[6�

!HPF$ ALIGN x1(i1,...,in) WITH
     .      x2(m1*j1+c1,...,mn*jn+cn)         !(2)

���+[^b|[�c�øtÄVeR�t�t� e%øÇÅ4f�ÿ¥È¢c��1ÄVeR�t�t� e �xÅ4f�h�y�nG�+[¿~W`^]_qsuwg�vs[rb
uwqsn|e	nGh�`^gT�
��{snG�+[£u}e	nGb|h_¨ � É � Ä¥Ë Ä ~We	g+g�`rn+�f[ob
[zklqs~�[lk¤n|`¤e¦kzh�e�cf`^gTe	]l{|`rb
uí�fp§vs[^b|uwqs�

n
e	nGh�`rgº`^{l~F`r]_qsuwgTy��dnG�+[^gº° � ·r��`rqs]�k¦b
[l¢�qsh_b
[Ävsb|[zy�[^g+~ [�`r{@cr[rg+[^bde	]F]_hHg+[le	b�{|`rb
u}y
h_g¥nG�+[�e	]_h�c�gÔy�q��@y�~�b
h_vsn@]_h�y�n@���+h_~��¥h�yTgT`^n@vs[rb
uwh_nGnG[lk�h_g¥À   µf��y¬[r[�Í � Î�Ï²�zva� ����> �
ª@�i[¿b
[r]¬e	n�h�`^g�° � ·F~Fe	g+gT`^n��l[¿[^¨Wvsb|[zyCy�[zk­�lp­À   µ­��é���ê��íkzh_b
[r~�nGh_x�[�e	]�yC`Ph_{i�*`^nG�
� É � Ä¥Ë Ä e	gTk � Ä � É¥Ë Ä �Te	x�[-gT`^g+h_g+nG[lcr[rb�[^]_[ruw[^g+n
yC�r��g}y¬q�~��}e¿~Fe�y�[-��[�~Fe	g¥]�`l`^�
{|`^baeÄy�q��lu}e	nGb|hH¨­`^{ � Ä�e	gTk � Éi�Te	xfh_gTc�nG�+[¡vsbd`^vs[rb
nGp*�Y��{sy�qs~���y¬q��lu}e	nGb|h_¨P[^¨Wh�y�n
y��
nG�+[­e	]_h�c�g+uw[^g+nih�y�vs[rb
{|`rb
uw[zkº`^g�nG�+[¿~W`^b|b
[ly¬v�`^gTkzh_gTc�y�[^n�`r{+h_g�klh_~�[zyC�

�$��þ©­�þ=ù�þ ýGöFû�øy�Fù}�5÷Tö � øy­�ù6ªPþ ùfû�|�øHý%þK(�û�øÎÍ	þ,�tqay�[zy�n��i[�e	]_h�c�giuw[rg+n*c�b=e	vs�wkl[^b
h_x�[lk
{�b=`ruí�-ª�ê���ª��+[ogT`zkz[ly¡`^{�nG�+[�e	]_h¬c�g+uw[^g+nTc�bde	vs�©e	b
[£gT`rg�vsb
h_xte	nGh_j�e	�l]_[�e	b
b=e	p*y
`r{��¦ª@ê«�¡��gëe	b
~�~W`^g+g+[^~ n
y�n���`�gT`lkz[zy��Te	x�h_gTcÕe\klh_b
[^~ nG[zkÕvae	nG�îvae�yCy¬h_gTc
nG�+b=`rqac��¥vsb|h_x*e	n�hHj�e	�f]_[�e	b
b=e	p*y¿`^g+]_p@�rZ\[�e	g+gT`^n
e	nG[-[le	~���e	b|~¤`r{*nG�+[�e	]_h�c�g+uw[^g+n
c�b=e	vs�©��h_nG��e�]_h�y�nP`r{T~ ]�`zy�qsb|[zy�`r{Pe	{�{�h_g+h_nGpwb
[^]�e	n�h¬`rgTy�e	]�`^gTc�[le	~���y�h_uwvs]_[¤vae	nG�
~F`rg+gi[r~�nGh_gTc�nG�i[�e	b
b=e	p*yÄh_gm�-ª@ê5#	�Ë�Ø~�]�`ly�qsb
[�`^{oe	g¾e	{�{�h_g+h_nGp�b|[^]�e	nGh�`rg¾e	]�`rgTc�e
vae	nG��h�yTeEb
[ly¬q�]_n@`^{*y�qs~ ~�[zyCy�h_x�[¦e	v�vs]_hH~We	nGh�`^g¥`r{ln��i[�~��Te	h_g�b
qs]_[-e	]�`^gTc�e	b
~FyT`r{fnG�+[
vae	nG�T�

µ*`^bT[le	~��©e	b
~Äh_g�nG�+[¤e	]_h�c�giuw[rg+nTcrbde	vs�+����[�e	gTe	]Hpfj�[£n��i[�e	{�{�h_gih_nGp§b
[r]�e	nGh�`^gTy
e	nGn
e	~ �i[lkºn|`¤h_n
�W��{£e	]H]*b
[^]�e	n�h¬`rgTy�e	b
[�[r¨Wvsb
[ly�y�[lk¥hHgmnG�i[�{|`rb
u ° � ·ae	gTkº�Te	x�[�nG�+[
yCe	uw[�kzh_uw[^gTy�h�`^g�v�[^b
uwq�n
e	nGh�`^g+��nG�+[^g���[­��h_]_]ac�[^g+[rb=e	nG[�kzh_b|[^~�nGh_x�[�° I ·�����g�nG�+[
kzh_b|[^~�n�hHx�[r��[ze	~ �«uwqs]_nGh_vs]_h_[rbth�ysnG�+[­c�b
[ze	n�[zy�n�~W`^uwu}`rg�kzh_x�h�y�`rb�`^{iuwq�]_nGh_vs]_h_[^b=y�`^{
nG�+[�b
[r]�e	nGh�`^gTy���nG�+[©y��+h_{�n¡h�y�e¤�lh�y�[^~�n|`^b«`^{ÄnG�+[�b|[^]�e	nGh�`rgTy�y��+h_{Gn|y�e	gTk)c�øtÄVeR�t�t� e%øÇÅ4f�ÿ¥È

�iÏ!ÐAÑ �t���Ç��� Ñ �¢�P�K�j�i�¥Ò8���¥�i�j�ÇÓd�¢�����¥��� �X�Ç�K�®�K�i� Ñ �¢�P�¥� Ñ ��� ÏjÔ �i�Ç�iÓd���ÇÓd�¥���©�Î� � �P� �Î�z�ÇÒÕ�P���t�X�ÇÖ
���Ç�Ç�1� �X�Ç�K�i���×���$�V�K�P�����Î� �Î�Ç���®�K�i� Ñ �¢�j�¥�i�����A�Ç�z�¥�1�X�¥�'��� � Ñ ��� �i� Ñ � ���1���P���t�,Ò8�Ç�ÎØHÙ�ÚÎÛ%Ü1ÝÎ� �hÑ �¥�z�
Û��Ç��� Ñ �¢�i���OÞK�¥� ��ÐAß �i�K�A�¥� Ï
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c��1ÄVeR�t�t� e �xÅ4f�h�y�nG�+[¿~W`^uwu}`^g�klh_uw[^gTy�h�`^g�vs[rb
uwqsn
e	n�h¬`rgT�
��{�nG�+[^b|[¦e	b|[¦klh_b
[r~�nG[zk-vae	nG�Ty+~W`^g+g+[^~ nGh_gTc � e	g�kà&�hHg§�@`^n��¥kzh_b
[r~�nGh�`rg�y��rnG�+[^g

nG�+[^b|[¡h�yty�[r]_{�e	{G{�h_g+h_nGp¦{|`^b � °�e	g�kM&@·��
ª@�+[�y�[r]H{�e	{�{�h_g+h_nGp¦b
[r]�e	nGh�`^g­~Fe	g+gT`rn.�l[�nGb=e	gTy��
]�e	nG[lk�hHg+n
`�e	]_h�c�g+uw[^g+nG��h_n��Te�yan
`­�f[­nGb=e	gTy�]�e	nG[lk�h_gin
`ºe	gÃe	b
bde	pÔklh�y¬n�b
h_�lq�nGh�`^gT����{
nG�+[¦kzh_uw[rg�y�h�`rg¤u}e	vsvsh_gTc�h�yigT`rnzh�kz[rg+nGh_nGpf�dnG�+[^g�nG�+[�y�[r]_{@e	{�{�h_g+h_nGp-b
[r]�e	nGh�`^g�h�yin
`z`
~F`ruwvs]_[^¨¦n
`£�l[£�Te	g�kl]_[zk�e	gTk¤nG�+[­e	b
bde	p�h¬y�{�]�e�cfc�[zk�e�y�gT`rgTkzh�y�nGb
h_�lq�nG[zk@�

ª@�i[my�[^]_{¦e	{�{�h_g+hHn�pmb|[^]�e	nGh�`rg�~Fe	g}�f[�h_nG[^bde	nG[zkm�lp�e	vsvs]_plh_gTc�nG�+[�~��Te	h_g}b
q�]H[
e	]�`^gTc�eE~ h_b
~�q�]�e	b@v�e	nG� � ÿ¥È¢&zÿ¥È � uwqs]_nGh_vs]_[�nGh_uw[zyC��ª��+h�y+~�b|[ze	nG[lyTe	{�{�h_g+hHn�p�`^{f[le	~��
[^]_[ruw[^g+n@`^{ � ��h_n��ºeTg+qsuw�l[rb@[^]_[ruw[^g+n
y�`r{ � �|��gºc�[rg+[^b=e	]_�^nG�+[�h_nG[rb=e	nG[lk�e	{�{�hHg+h_nGp
h�y�n|`z`£~F`ruwvs]_[^¨�e	gTk¤nG�+[¤e	b
b=e	p§h�y�e	]�yC`£{�]�e�cfcr[lkºe�y�gT`rg�klh�y�nGb
h_�lq�nG[zk@�	��g�nG�+[£u}e	�
U:`rb
h_nGp�`^{fvsb=e	~ nGh_~Fe	]W~Fe�y�[zy��^nG�+[¦e	{�{�h_g+h_nGp�h�y�y�h_uwvs]_[¦e	gTk¦~We	g¤�f[Äh_nG[rb=e	nG[lk¦[^¨Wvs]_h_~�h_nG]_p
e	gTk¥nGb=e	gTy�]�e	nG[zk¥h_g+n
`¥e�kzh�y�nGb
h_�fqsnGh�`^gmuwh_gih_uwh_j�h_gTc§~F`ruwuwqsg+h_~Fe	nGh�`rgTyC�F��yCy�q�uw[
nG�Te	ninG�+[¤y¬[r]_{Te	{�{�h_gih_nGp�b|[^]�e	nGh�`rg«~We	g��l[¿[r¨Wvsb
[lyCy�[zk­��h_nG��]_h_g+[ze	bT{|`^b|u}y%�

 Aff(A,A)={(I;C*I-z), I from PI}
�-vsv�]_hH~We	nGh�`^g�`r{+nG�+[¿~��Te	h_g�b
q�]_[­c�h_x�[zy

 Aff(A,A)={(I;C*J-z),
J=max{j: j<=I,j=C*I-z}, I,J from PI}

��nsy��T`r��yfnG�Te	n.nG�+[�e	{�{�h_g+h_nGp¦b
[^]�e	n�h¬`rg­h�yfxt`rh¬k�h_{3LHáz£�ÿ�âAÈ$£��
��g­nG�+h¬y�~Fe�y�[r�=nG�+[¡b
[r]�e	nGh�`^g
h�yÄe	gme	g+nGh_�|kl[^vs[rg�kl[^g+~�[«e	gTk§~Fe	g��l[�[^]_h_uwh_gTe	nG[zk§�fp«u}e	�fh_gTc«e	g�[r¨WnGb=e�~F`rvsp�`^{
� � ��{aLHáz£�ÿ�âA $£¡e	g�k�Lwh�yÄeÄgT`rg�y�h_gTc�qs]�e	bau}e	nGb|hH¨�°²nG�+h�y*v�b=`rvs[^b|nGp«h�y*g+[r~�[ly�yCe	b|p«{|`rb
kzbd`^vsvsh_gTc­nG�+[

max
`rvs[^bde	nGh�`^gwh_gwnG�+[�b
[r]�e	nGh�`^gT·�nG�+[rgwnG�+[-b|[^]�e	nGh�`rgw~Fe	gw�f[-{�q�b
�

nG�+[^bPy�h_uwvs]_h_{�hH[lk¢�

 Aff(A,A)={(I;C*(C*I-z)-z), I,C*I-z from PI}
e	gTk­{|`rb:¬Äh_nG[rb=e	nGh�`rgTys��[¿�Te	x�[

 Aff(A,A)={(I;J), J=Ck*I-(Ck-1+...+1)*z),
                         I,C-1*J+z from PI}

��g§u}`zy�nlv�b=e	~�nGh_~We	]W~Fe�y�[ly��ÊL�h�y�nG�i[�q�g+h_nlu}e	nGb
h_¨§e	gTk¦nG�+[�b
[r]�e	nGh�`^g§~Fe	g��f[Ä{�q�b
nG�+[rb
y�h_uwvs]_h_{�h_[zk¢�

 Aff(A,A)={(I;I-k*z), I,I-(k-1)*z from PI}
��{*nG�+[^b|[�e	b
[�e¿giq�uw�l[^b�`r{@~ hHb|~�q�]¬e	b¡v�e	nG��yT���+h_~��Ôy�n
e	b|n�°�e	gTk�[^gTk�·f��h_nG� � e

nG�+[¿b|[^]�e	nGh�`rgTy�e	]¬`rgTconG�i[£vae	nG�Ty�~Fe	g��l[£~F`ruw�lh_g+[zk=�
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Aff(A,A)={(I;I-v), v=k1*z1+...+kq*zq,
I,v-zl from PI} (3)

���+[^b|[®âiÄVeR�t�t� etâdãte	b|[¦yC`�~Fe	]_]_[zk�kz[^v�[^gTkz[rgi~ [Äx�[r~�n
`^bdy��ze	gTkä³� ¢¡ �  ¢¡3å^��ª��+h�y+nGpfvs[-`^{
kz[rvs[^gTkl[^g+~�[£h�ys~W`^gTy�h�kz[rb
[lk­h_g�Í I Ï��

é�[rninG�+[­e	{�{�h_g+h_nGp�b
[r]�e	nGh�`^g�e	]�`^gTc�`rgi[£vae	nG��{�b=`ru-&¤n
` � �f[

Aff(B,A) = {(I;idxa(I)), I from IP}
e	gTk�øy|�ï�öAcX£�f¥ 3¡$£��Ë�-v�vs]_h_~Fe	nGh�`^g�`r{�nG�+[§~��Te	h_g»b
q�]_[§n
`´c�æ8f�y��T`^��yÄnG�Te	nanG�+[�yCe	uw[
x�[^~ n
`^bdyae	b|[­kl[^vs[rgTkz[^g+~ [¿x�[^~ n
`^bdys{|`rb�Ì¡�

   Aff(B,A) = {(I;J-v), v=k1*z1+...+kq*zq,
     v-zl and I from PI,
    J=max{j: j=idxa(I),j<=I} }=
  = {(I;idx(I)-v), v=k1*z1+...+kq*zq,
     v-zl and I from PI}

¼ qsvsv�`zy�[¦nG�+[rb
[¦h�yPe�klh_u¥[rgTy�h�`^g�`^b|nG�T`zcf`^gTe	]+n
`¦nG�+[�kl[^vs[rg�kl[^g+~�[-xf[r~�n
`rb=y��
uw[ze	g+h_gTc�nG�Te	n�e	]_]r~W`^uwva`rg+[^g+n
y*`^{.nG�+[�x�[r~�n
`rb=yfh_g-n��i[�kzh_uw[^gTy�h�`rg�e	b|[�j�[rb=`z�Y�-h�y��
nGb|hH�fqsnGh�`rg�`^{�nG�+[¤`^b|nG��`lcf`^gTe	]�klh_uw[^gTy�h�`^g�b|[zy�q�]Hn|y�h_g�e�yCy�h�crg+h_gTc�`r{Te	]_]�e	{�{�h_g+[¤e	b
�
b=e	p�[^]_[ruw[^g+n
yfn
`�n��i[�yCe	uw[�vsb=`r~�[lyCy�`rb=�Yå­gi]_p�h_g+nG[^b|�|e	b
b=e	p�~F`ruwuwqsg+h_~Fe	nGh�`rg�yf��h_]_]
�l[�g+[^~�[lyCyCe	b
pÔ{|`^b-nG�+[�~F`ruwvsqsn
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h�e	nG[¤e	]_h�crg+uw[rg+n�e�y�kzh�y�~�qayCy�[lk�e	�@`rx�[z�

��{�e	g�`rb
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h_�
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h_�lq�nG[zk©y�[^~ nGh�`^gTyP`r{ � �
��g«nG�ih�y�~We�y�[^�rnG�+[�c�[^g+[^bde	nGh�`^gw`r{�À   µ�klhHb|[^~ nGh_xf[lyEy��T`^qs]�k�n
e	�f[�h_g+n
`�e	~�~W`^qsg+n�nG�+[
~F`ruwvsh_]_[^b/»úyPe	�lh_]_h_nGp�n
`-vsh_vs[^]_h_g+[-nG�+[¦~F`ruwvsqsn|e	nGh�`^gTyC�^��{*n��i[-~F`ruwvsh_]_[^b�h�y�e	�f]_[¦n|`
vs[rb
{|`^b|uÙvsh_vs[^]_h_g+[zk«vsb=`r~�[zyCy�h_gTc«`r{�nG�+[§y�[^~�n�h¬`rgTyt��hHn��mkl[^vs[rg�kl[^g+~�[ly��ËnG�i[rg�nG�+[
kzh�y�nGb|h_�lqsnG[lk«kzh_uw[rg�y�h�`rg�y��T`rqs]�k��l[�~ �T`zy�[^g¤n
`Äu¥h_g+h_uwh_j�[zy�y�[^~ nGh�`^gºkz[rvs[^gTkz[rg+~��
[zy�°²nG�+[�klh_u¥[rgTy�h�`^gÔ��h_nG��nG�i[�]_[le�y¬n¡g+qsuw�l[rb�`r{�kl[^vs[rg�kl[^g+~�[�x�[^~ n
`^bdy��Te	x�hHgTc
gT`^g+j�[rb=`£~F`^uwva`rg+[^g+n
yC·��

��{ËnG�+[�À   µ�~F`^uwv�hH]_[rb+h�ylgT`^n�e	�l]_[an
`�vsh_vs[r]Hh_g+[�~F`^uwvsq�n
e	nGh�`rg�y���nG�+[�]�`z`rv­g+[zy�n
y��T`^q�]�ko�f[¡b
[l`^bdkz[rb
[zk�n|`¡vs[^b|{|`^b|uî~W`^uwvsq�n
e	nGh�`^gTy���h_nG��h_gTkz[rvs[^gTkl[^g+nsy�qs�@y�[rns`^{
[^]_[ruw[^g+n
yC����gTkzh_~�[ly�`^{�nG�+[­y�q��@y�[^n|y�~Fe	g��f[¿h�kl[^g+nGh_{�h_[zk¤�lp�[l¢�qae	nGh�`rgç�¢áz£aè­~W`^gTy�nG�
���+[^b|[ � h�yðeÓnGh_uw[ x�[r~�n
`rbÙ]_[ze	x�h_gTc e	]_]¶kz[rvs[^gTkz[rg+~�[zyÚhHg nG�+[ vae�y�n,�
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��g�nG�+[o~Fe�y�[����+[^gme	g©`rb
nG�T`zcf`rgTe	]lx�[^~ n
`^ba[^¨Wh�y�n
y��F��[�c�[^g+[^bde	nG[�eÄnG[^uwvs]�e	n�[

e	gTk¾e	]_h�c�gÃ�@`rnG� � e	gTkê&»��hHn��Ãh_n
�f�ëu}e	¨Wh_u}e	]a[l¢�qsh_xte	]_[^g+~�[�~�]�e�yCy¤`r{-c�b=e	vs�
gT`zkl[zyl�Te	x�h_gTc�kzh_b|[^~�n�[zkovae	nG�Tylh_g-�*`^nG��klh_b
[r~�nGh�`^gTyfh�yl~Fe	]_]_[zk�æ�y�nGb=`rgTc�]Hp�~F`^g+g+[r~�nG�
[zkº~F`^uwv�`^g+[^g+n
ç§`r{TnG�+[�c�b=e	vs�T��ª��+[ºy�[^n�`r{�y�nGbd`^gTc�]_pº~W`^g+g+[^~ nG[zk�~W`^uwva`rg+[^g+n
y
{|`^b|u}yÄe�kzh_b
[r~�nG[lk�e	~�pf~�]_h_~­crbde	vs�+��e	gTk«��[«e	nGn
e	~ �»ePnG[^uwvs]�e	nG[�n|`�[ze	~��ºgT`zkz[�`^{
nG�+[¤c�b=e	vs�T��ª@�i[�e	{�{�h_gih_n�p�b
[r]�e	nGh�`^g�{|`^bE]�`z`rv�gi[ly�n+nG�+[^g�[^¨Wvsb|[zyCy�[zk¥e�y�e	]_h�c�g+uw[^g+n
`r{�[le	~��Ôe	b
bde	p©`^{@nG�+[«y�nGbd`^gTc�]_p�~F`^g+g+[r~�nG[lk«~F`ruwva`^g+[rgin���hHn��ºnG�i[¦nG[ru¥v�]¬e	n�[^�se�y
y��T`^��g�h_g�µfh�crq�b
[ � �

ê¦[^g+[^bde	nGh�`^gº`r{@e	]_h�c�giuw[rg+n�y�n
e	nG[ruw[^g+n
yi{|`rb�[le	~��¤~F`rg+g+[^~�n�[zk¦~F`^uwva`rg+[^g+n@`^{
e¿klh_b
[r~�nG[zk�c�b=e	vs�§��h_nG�¥e	{�{�h_g+hHn�p�b
[r]�e	nGh�`^gTyTe	nGn
e	~ �+[zk-n
`�[^x�[rb
p�e	b
~�h�y+v�[^b
{|`rb
uw[lk
h_g�nG�+b
[r[­y�nG[rvayC�

•
� �	�Á~W`^uwu}`rg«n�[^uwvs]�e	nG[£h�yac�[rgi[rb=e	nG[lk­{|`rb�e	]_]z]_[ze	{|y�`r{+nG�+[¿~F`ruwva`r�
g+[^g+n
�	è¡e	~���]_[ze	{+h�y�~F`rg+gi[r~�nG[lk­n
`£nG�+[¿nG[ruwvs]�e	nG[¿��h_nG��e	bY~�e	gTk�e	vsvsb�`r�
vsb|h¬e	n�[­e	{RQsg+h_nGp�b�[r]�e	nGh�`^g�e	nGn
e	~ �i[lk­n
`£nG�+[­e	bY~FyC�

•
I �
�¾b�`l`^nG[lk§y�vae	g+g+hHgTcÄnGb�[r[¡h�yf~W`^gTy�nGb
qs~�nG[lk�{|`^b�[ze	~��­~F`ruwva`^g+[rgin.��h_nG�
nG�+[¿n�[^uwvs]�e	nG[¤e�y�nG�i[£b�`l`^n
�

•
J � µ*`^bT[ze	~���gT`rg«b `z`rnigT`zkl[­`r{in��i[¤y�vae	g+g+h_g�conGb�[r[^��nG�+[¤e	]_h�crg+uw[rgin
kzh_bY[^~�nGh_x�[£h¬y�c�[rgi[rb=e	nG[lk­{|`rb�nG�+[¤e	b�~�]_[ze�klh_gTc£{�b�`ruÚnG�+[¿gT`lkz[¿n|`¿nG�+[
b�`l`^n�°�k@e	b
�f[^bPe	b�~Fy�h_g�nG�+[¿µfh�c�qsb�[ > ·
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?A@jB!D'EaG5ëKJ è@¨+e	u¥v�]_[­`r{in��i[¤c�[^g+[^bde	nG[zkºkzh_b�[r~�nGh_x�[zy�{|`rb�`rgi[¤`^{+nG�+[£g+[zy�n
y�`r{
��Ða³ J �

?A@CB!DFEHG5ìKJ ª@�i[¤k�e	n
e¡n�b=e	gTy�{�[^b�c�bde	vs��`^{+nG�+[¿g+[ly�n�`^{+nG�+[
µfh�c�qsb�[ � �	��e	b|�¥e	b�~Fy�y��T`^�ëe�y�vae	g+g+h_gTconGb�[^[l�

!HPF$ TEMPLATE tmpl_nest_41(64,64)
!HPF$ DISTRIBUTE(BLOCK,BLOCK) :: tmpl_nest_41
!HPF$ ALIGN FR(:,:,*) WITH tmpl_nest_41(:,:)
!HPF$ ALIGN (:,:,*) WITH FR(:,:,*) :: ZX,ZY,ZZ,XX,XY,XZ,YX,YY,YZ
!HPF$ ALIGN Q(:,:,*,*) WITH FR(:,:,*)
        DO 32  K=KLOW,KUP,1
          KP1=KPLUS(K)       !K+1
          KM1=KMINUS(K)      !K-1
          DO 32  J=2,JM,1
          BZ1=ZX(J,K,L)**2+ZY(J,K,L)**2+ZZ(J,K,L)**2
          RHO=Q(J,K,L,1)*Q(J,K,L,6)
          U=XT+(XX(J,K,L)*Q(J,K,L,2)+XY(J,K,L)*Q(J,K,L,3)+XZ(J,K,L)*Q(J
     +    ,K,L,4))/Q(J,K,L,1)
          V=YT+(YX(J,K,L)*Q(J,K,L,2)+YY(J,K,L)*Q(J,K,L,3)+YZ(J,K,L)*Q(J
     +    ,K,L,4))/Q(J,K,L,1)
          S1=-RHO*ZX(J,K,L)*(U*(Q(J+1,K,L,2)/Q(J+1,K,L,1)-Q(J-1,K,L,2)/
     +    Q(J-1,K,L,1))*0.5+V*(Q(J,KP1,L,2)/Q(J,KP1,L,1)-Q(J,KM1,L,2)/Q
     +    (J,KM1,L,1))*0.5)
          S2=-RHO*ZY(J,K,L)*(U*(Q(J+1,K,L,3)/Q(J+1,K,L,1)-Q(J-1,K,L,3)/
     +    Q(J-1,K,L,1))*0.5+V*(Q(J,KP1,L,3)/Q(J,KP1,L,1)-Q(J,KM1,L,3)/Q
     +    (J,KM1,L,1))*0.5)
          S3=-RHO*ZZ(J,K,L)*(U*(Q(J+1,K,L,4)/Q(J+1,K,L,1)-Q(J-1,K,L,4)/
     +    Q(J-1,K,L,1))*0.5+V*(Q(J,KP1,L,4)/Q(J,KP1,L,1)-Q(J,KM1,L,4)/Q
     +    (J,KM1,L,1))*0.5)
          R1=S1+S2+S3
          FR(J,K,L)=(-2.*R1/BZ1+4.*FR(J,K,L1)-FR(J,K,L2))/3.
32        CONTINUE
        CONTINUE
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ADAPT (A) versus Manual (M) HPF Data Distribution for

Scientific Codes. [+ uses the feature, - does not use the feature, *

depends on compiler support, ✓ automaticly generated]
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